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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a semiconductor device
using a crystalline silicon film, and to a method of manu-
facturing the same. More specifically, 1t 1s directed to a
thin-film transistor using a crystalline silicon film formed on
a glass substrate or a quartz substrate, and to a method of
manufacturing the same. It also relates to the configuration
of a semiconductor device using a crystalline silicon film
and to a method of manufacturing the same.

2. Description of the Related Art

Heretofore, there has been known a technology for fab-
ricating a thin-film transistor using a silicon film which 1s
formed on a glass substrate or a quartz substrate by plasma
CVD or low-pressure thermal CVD. This technique i1s
utilized not only when a glass substrate or a quartz substrate
1s used but also when a multi-layer structure 1s realized 1n an
integrated circuit using a monocrystal silicon wafer.

Studies have been conducted on a technique for using this
thin-film transistor 1n an active matrix type liquid crystal
display (LCD) device in particular.

Generally speaking, 1t 1s difficult to obtain a monocrystal
silicon film by a vapor phase method or deposition method
(a technique for forming a monocrystal silicon film on an
extremely small region is available but it is not common).

Then, there has been used a technique for forming an
amorphous silicon film by plasma CVD or low-pressure
thermal CVD and crystallizing the film by heating or irra-
diating with laser light.

A generally used method for obtaining a crystalline sili-
con film 1s a technique for crystallizing an amorphous
silicon film formed on a quartz substrate by heat. In this
method, heating i1s carried out at a temperature of 900 to
1,100° C. to modify the amorphous silicon film into a
crystalline silicon film.

However, the quartz substrate 1s expensive and involves a
problem when 1t 1s used m a liquid crystal display device
whose cost reduction has been desired. There 1s also known
a technique 1n which a glass substrate 1s used as the
substrate. However, since the glass substrate has low heat
resistance, 1t cannot be subjected to the above high-
temperature treatment and hence, a required degree of
crystallinity cannot be obtained.

The heat resistance temperature of the glass substrate,
which differs depending on 1ts type, 1s in the range of 600 to
750° C. Therefore, it 1s necessary to obtain a crystalline
silicon film having required characteristics through a process
at a temperature below that temperature range.

Also, there 1s known a technique for modifying an amor-
phous silicon film 1nto a crystalline silicon film by applica-
fion of laser light. According to this technique, the amor-
phous silicon film can be modified into a crystalline silicon
film without causing thermal damage to the substrate.
However, 1t has problems with the stability of a laser
oscillator and uniformity on the 1lluminated surface.
Therefore, 1t cannot be used on an i1ndustrial scale.

As a method for solving the above problem, there 1s a
method 1n which both a heat treatment and irradiation with
laser light are used to increase a process margin. However,
when a heat treatment 1s used, the above treatment tempera-
ture problem 1s encountered, making it difficult to use a glass
substrate as well.
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As a solution to this problem, there 1s known a technique
disclosed 1n Laid-open Japanese Patent Application No. Hei
7-074366. This technique uses a metal element for promot-
ing the crystallization of silicon to crystalize an amorphous
silicon film at a process temperature of 600° C. or less.

In this technique, there are two crystal growth forms: one
is vertical growth (crystal growth in a direction perpendicu-
lar to the substrate) which occurs in a region where a metal
element is added and the other is horizontal growth (crystal
growth 1n a direction parallel to the substrate) which starts
from the region and proceeds around the region.

The vertical growth 1s characterized 1n that a crystalline
silicon film can be obtained at a lower temperature
(crystallizing temperature can be reduced by 50° C.) than
heating and that the process 1s relatively simple. However,
since the concentration of the metal element 1s 1evitably
high, 1t has such a problem as the segregation of the metal
clement.

The segregation of the metal element causes great fluc-
tuations 1n the characteristic properties of a semiconductor
device obtained and an increase 1n leak current when a
thin-film transistor 1s fabricated.

On the other hand, the horizontal growth 1s useful because
the quality of the resulting film 1s good and the concentration
of the metal element contained therein is low (this means
relatively low). However, when a plurality of horizontal
orowth regions are selectively formed, they may collide with
one another, form a grain boundary or impede the growth of
crystals 1n other regions.

Particularly, since a nickel silicide component 1s formed
in the grain boundary, when the region overlaps with the
active layer of a thin-film transistor, the characteristic prop-
erties of the thin-film transistor are greatly impaired. It has
been discovered that the horizontal growth region which 1s
different from the vertical growth region 1n the dimension of
orowth 1s different 1n crystal growth form, for example,
signal strength indicating each crystal orientation, according
to X-ray diffraction measurement.

This causes such problems that, when a large number of
thin-film transistors must be formed on a substrate, there are
the differences of characteristic propertiecs among the thin-
film transistors and that, when a circuit 1S constructed, an
operation failure occurs.

Since a circuit configuration will be mtegrated more and
more highly 1n the future, the collision or interference
between the above horizontal growth regions will become a
big problem.

When the direction of growth 1s different, there will be
casily produced differences in the characteristic properties of
devices obtained. Therefore, when a circuit having a prede-
termined function 1s constructed with a plurality of devices,
the difference of growth direction will become a problem to
be solved.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to obtain the crystal
orowth regions of a crystalline silicon film with high con-
trollability 1n a technique for obtaining the crystalline silicon
f1lm using a metal element for promoting the crystallization
of silicon.

For example, an object of the present invention is to
provide a technique for controlling the growth width of a
horizontal growth region. Another object of the present
invention 1s to provide a technique for applying a crystal
orowth technique utilizing the above metal element to a
conflguration which requires a fine circuit pattern.
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According to one aspect of the present invention, a
semiconductor device comprising an electronic circuit hav-
ing at least one function which 1s formed on a substrate
having an insulative surface using a region where crystals
are grown 1n a direction parallel or substantially parallel to
the substrate, wherein the region has the same crystal growth
form.

In the above configuration, in the region where crystals
have grown 1n a direction parallel or substantially parallel to
the substrate, a metal element for promoting the crystalli-
zation of silicon 1s preferably contained in a concentration of

5x10™ to 1x10"™ em™, more preferably 1x10'7 to 5x10'®
~3
cm

As the metal element for promoting the crystallization of

silicon, one or more elements selected from Fe, Co, Ni, Ru,
Rh, Pd, Os, Ir, Pt, Cu and Au can be used.

Nickel 1s particularly usetul from viewpoints of effect and
reproducibility thereof.

The electronic circuit having at least one function may be
an 1nverter circuit, buffer circuit, switch circuit, decoder
circuit, shift register circuit, sampling circuit, sampling hold
circuit, flip-flop circuit, other arithmetic circuit or memory
circuit. Alternatively, it may be a composite circuit having
these functions or a logic circuit such as a NAND circuit or

a NOR circuit.

According to another aspect of the invention, a semicon-
ductor device 1s a display device having an active matrix
circuit and a peripheral drive circuit formed on the same
substrate having an insulative surface, wherein at least one
circuit function constituting the peripheral drive circuit is
constructed by using a crystalline silicon film whose crystals
are grown 1n a direction parallel or substantially parallel to
the substrate and which has the same crystal growth form.

In the above configuration, the crystalline silicon film
whose crystals are grown 1n a direction parallel or substan-
tially parallel to the substrate and which has the same crystal
orowth form preferably contains a metal element for pro-

moting the crystallization of silicon 1n a concentration of
5x10*° to 1x10* cm™.

More preferably, the crystalline silicon film whose crys-
tals are grown 1n a direction parallel or substantially parallel
to the substrate and which has the same crystal growth form
contains the metal element for promoting the crystallization
of silicon in a concentration of 1x10"" to 5x10"® ¢cm™.

At least one circuit function may be an inverter circuit,
buffer circuit, switch circuit, decoder circuit, shift register
circuit, flip-flop circuit, sampling circuit, sampling hold
circuit, other arithmetic circuit or memory circuit.
Alternatively, 1t may be a composite circuit having these
functions or a logic circuit such as a NAND circuit or a NOR
circuit.

According to another aspect of the invention, a semicon-
ductor device production method comprises the steps of:

selectively holding a metal element for promoting the
crystallization of silicon 1 contact with the front or rear
surface of an amorphous silicon film 1 a plurality of
regions;

heating to grow crystals in a direction perpendicular or
substantially perpendicular to the surface of the silicon film
in the plurality of regions and grow crystals in a direction
parallel or substantially parallel to the surface of the silicon
f1lm from at least one of the plurality of regions at the same
time; and

removing the plurality of regions,

wherein at least other one of the plurality of regions 1s
used as a stopper for stopping crystal growth 1n a direction
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4

parallel or substantially parallel to the surface of the silicon
film to limit the crystal growth 1n a direction parallel or
substantially parallel to the surface of the silicon film.

According to still another aspect of the invention, a
semiconductor device production method comprises the
steps of:

selectively holding a metal element for promoting the
crystallization of silicon 1n contact with the front or rear
surfacec of an amorphous silicon film 1 a plurality of
regions;

heating to grow crystals 1n a direction perpendicular or
substantially perpendicular to the surface of the silicon film
in the plurality of regions and grow crystals in a direction
parallel or substantially parallel to the surface of the silicon
film from at least one of the plurality of regions at the same
time;

removing the plurality of regions; and

heating again to grow crystals m a direction parallel or
substantially parallel to the surface of the silicon film from

the region where crystals are grown 1n a direction parallel or
substantially parallel to the surface of the silicon film.

The position and growth width of a horizontal growth
region can be controlled by making use of such a phenom-
enon that when the horizontal growth region collides with a
vertical growth region, 1t stops growing further.

FIG. 1(A) and FIG. 1(B) show a case where nickel 1s held
in contact with the surface of an amorphous silicon film 103
in regions 101 and 102 and the growth (horizontal growth)
of crystals 1n a direction parallel to a substrate 11 starting
therefrom as indicated by arrows 104 to 107 1s carried out by
heating. The cross section cut on A—A' of FIG. 1(A) is shown
in FIG. 1(B).

The growth of crystals as indicated by arrows 104 to 107
in FIG. 1(A) 1s carried out in directions parallel to the
substrate 11 from the regions 101 and 102 where nickel 1s
held 1n contact with the surface of the amorphous silicon
f1lm. In the regions 101 and 102, vertical growth 1s carried
out.

In this respect, the regions 101 and 102 are shaped like a
slit having a width of 20 um or more and a desired length.

What are denoted by 108 to 110 are slit-shaped regions
having a width of 5 um or less which are formed with a mask
14 formed of a silicon oxide film. That 1s, these regions are
slender regions having a width of 5 um or less, from which
the amorphous silicon film 103 is exposed (nickel 1s held in
contact with the surface). Vertical growth is carried out in
these regions as well.

In such a configuration, only vertical growth 1s carried out
in the regions denoted by 108 to 110. This 1s because
horizontal growth does not take place when the region which
nickel 1s held 1n contact with 1s small.

When the horizontal growth collides with the regions
denoted by 108 to 110 where the vertical growth takes place,
the horizontal growth stops there. Therefore, the horizontal
orowth regions formed by horizontal growth and denoted by
104 to 107 can be limited to predetermined regions by
suitably providing the regions denoted by 108 to 110.

That 1s, horizontal growth regions can be obtained with
high controllability by using the regions denoted by 108 to
110 as horizontal growth stopper regions.

When crystals are grown such as shown in FIG. 1(A),
such a problem that horizontal growth regions collide with
cach other can be avoided and a large number of thin-film
transistors having high and the same characteristic proper-
ties can be formed.
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It 1s observed that an end portion of the horizontal growth
region generally has a 1-column higher concentration of the
metal element for promoting the crystallization of silicon
than other portions where the metal element 1s grown
horizontally. It 1s also observed that the metal element 1is
present 1n a high concentration i1n the vertical growth
regions.

Therefore, 1n the regions denoted by 108 to 110 where
horizontal growth collides with vertical growth, the metal
element (nickel element in this case) 1s present in an
extremely high concentration compared with other regions.

After the completion of crystal growth, the regions con-
taining the metal element in the above high concentration
can be removed by dry etching or wet etching using the
silicon oxide film 14 of the mask.

It can be said that this step 1s a step for removing the metal
clement by concentrating the metal element which has been
used for crystal growth in the vertical growth regions
denoted by 108 to 110. Although the metal element 1s useful
for the crystallization of a silicon film, it 1s not preferred 1n
the subsequent steps. Therefore, 1t can be said that the above
conilguration 1s advantageous.

BRIEF DESCRIPTION OF THE INVENTION

The above and other objects and advantages of the present
invention will become apparent from the following descrip-
tion with reference to the accompanying drawings, wherein:

FIGS. 1(A) and 1(B) are a diagram showing the state of
crystal growth of a crystalline silicon film i1n accordance
with the present mvention;

FIG. 2 1s a diagram showing the state of crystal growth of
a crystalline silicon film and the lay-out of the active layers
of thin-film transistors in accordance with the present inven-
tion;

FIGS. 3(A) to 3(E) are diagrams showing the production

process ol a thin-film transistor in accordance with an
embodiment of the present invention;

FIGS. 4(A) to 4(E) are diagrams showing the production
process of a thin-film ftransistor 1n accordance with the
embodiment of the present invention;

FIGS. 5(A) to 5(E) are diagrams showing the production
process of a thin-film transistor in accordance with another
embodiment of the present invention;

FIG. 6 1s a diagram showing a circuit pattern 1n accor-
dance with an embodiment of the present invention; and

FIG. 7 1s a circuit block diagram of FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

This embodiment 1s directed to a process for fabricating,
a thin-film transistor using a region for the horizontal growth
of a crystalline silicon film formed on a glass substrate.

A description 1s first given of the process for obtaining a
crystalline silicon film having horizontal growth regions on
the glass substrate with reference to FIG. 1(A) and FIG.
1(B). FIG. 1(B) is a cross section cut on A—A' of FIG. 1(A).

A silicon oxide film or silicon nitride film or silicon
oxynitride film i1s formed on the glass substrate (Corning
1737 glass substrate) 11 as an undercoat film 12 by plasma
CVD. This undercoat film should have a thickness of 3,000.

Thereafter, an amorphous silicon film 103 which will
become a crystalline silicon film later 1s formed by plasma
CVD or low-pressure thermal CVD.
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6

A silicon oxide film having a thickness of 1,500 A is
formed by plasma CVD and patterning 1s made on the film
to form a mask 14. With this mask 14, slits denoted by 108
to 110 and regions denoted by 101 and 102 are formed. That

1s, the amorphous silicon film 1s exposed in the slit regions

denoted by 108 to 110 and the regions denoted by 101 and
102 (slender regions as shown in FIG. 1(A)).

In this respect, the regions denoted by 108 to 110 have a
width of 5 um and the regions denoted by 101 and 102 have
a width of 30 um.

Preferably, the regions denoted by 108 to 110 have a
width of 5 um or less. The lower limit of the width 1s
determined by patterning accuracy. Generally speaking, the
lower limit 1s about 0.5 um.

Preferably, the regions denoted by 101 and 102 have a
width of 20 um or more. Since a too large width 1s disad-

vantageous to obtain a fine circuit pattern, care must be
taken to increase the width. Even when the width is
increased to 50 um or more, 1t 1s no longer connected with
the growth distance because the distance of horizontal
orowth 1s saturated. Therefore, 1t 1s not particularly advan-
tageous to set the widths of the regions denoted by 101 and
102 to 50 um or more (the width may be increased to any
large value as a matter of course).

The relationship between the width of a region where
nickel element is 1ntroduced and the amount of horizontal
growth (um) is shown in Table 1 below.

TABLE 1
slit
width
(um) 3 5 10 20 50 100 250
1 0 0 77-78 108109  124-125 126127 126-127
2 0 0 7981 107-108 124-128 128130  126-127
3 0 0 &789 113-114  125-130 129137 126-128
4 0 0 8283 110-111 125126 128129  126-127
5 0 0 8788 11-112  125-130  129-130  127-128
6 0 0 &7K9 13-115  130-131  130-131 128-129
7 0 0 9091 115-116  130-132 130-132  12&8-129
8 0 0 8081 107-108 125-129  127-128  125-126
9 0 0 &6K87 112-113  124-127  129-130 126-127
10 0 0 8182 07-108  122-123 125129  122-124
11 0 0 7475 102-104 115-116  116-117  119-120
12 0 0 62-63 8990 105-106 107108  106-107
13 0 0 4243 7273 87—88 90-93 89-91

Table 1 above shows the relationship between the width
of a region where nickel element is held in contact (the width
of a slender region, e.g., the width of a region denoted by
101 in FIG. 1(A)) and the distance of horizontal growth

which starts from this region.

In other words, the above table shows the relationship
between the width of the slit-shaped region and the distance
of horizontal growth when a silicon oxide mask 1s provided
such that the surface of the amorphous silicon film 1is
exposed 1n the form of a slit, the nickel element 1s held in
contact with this slit-shaped region and a heat treatment 1s
carried out at 600° C. for 4 hours to grow crystals in a
direction (plane direction) parallel to the substrate from the
slit-shaped region 1n which the amorphous silicon film 1s
exposed.

As 1s evident from Table 1, when the width of the
nickel-added region 1s 5 um or less, horizontal growth does
not take place. When the width of the nickel-added region is
20 um or more, a horizontal growth distance of 100 um or
more can be obtained. When the width of the nickel-added
region 15 50 um or more, the distance of the obtained
horizontal growth 1s almost saturated.
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After the amorphous silicon film 103 1s exposed m the
regions denoted by 108 to 110 and the regions denoted by
101 and 102 by the mask formed of a silicon oxide film 14,
it 1s subjected to an UV ozone treatment. A silicon oxide film
having high denseness i1s formed on the surface of the

exposed amorphous silicon film 103 by this UV ozone
freatment.

Then a nickel acetate solution containing 10 ppm (in
terms of weight) of a nickel element 1s applied to the entire
surface by spin coating.

By coating this nickel acetate solution, the nickel element
1s held 1in contact with the surface of the amorphous silicon
f1lm 103 1n the regions denoted by 108 to 110 and the regions
denoted by 101 and 102. At this point, the solution 1s not
repelled due to the hydrophilic nature of the above silicon
oxide film having high denseness so that the nickel element
can be held 1n contact with the surface of the amorphous

silicon film 103.

A method for introducing the metal element using this
solution 1s excellent 1n controllability and reproducibility.
Instead of the above method using a solution, sputtering,
plasma treatment, CVD or adsorption may be used to
introduce the metal element for promoting the crystallization
of silicon.

The amorphous silicon film 103 1s crystallized by heating
fo obtain a crystalline silicon film.

In this embodiment, heating is carried out at 600° C. in a
nitrogen atmosphere for 4 hours. Since the regions 108, 109
and 110 have a narrow width of 5 um, only vertical growth
as shown by 111 takes place.

In the regions 101 and 102, vertical growth takes place
and also horizontal growth takes place 1n a direction parallel
to the substrate from these regions. The horizontal growth 1s
carried out 1n directions shown by arrows 104 to 107.

Here, in the regions 108 to 110, vertical growth takes
place and horizontal growth as shown by 104 and 105 stops
in these regions.

The vertical growth regions contain the nickel element in
a relatively high concentration and an end portion of the
horizontal growth region also contains the nickel element in
a high concentration. Therefore, in the vertical growth
regions denoted by 108 to 110 which collide with horizontal

orowth, the nickel element 1s present 1n an extremely high
concentration.

Stated more specifically, the concentration of nickel in the
regions denoted by 108 to 110 is 1- to 2-column higher than
the horizontal growth regions denoted by 105 and 106
(according to a measurement by SIMS (secondary ion mass
spectrometry)).

A grain boundary containing nickel silicide 1s formed 1n
a portion where the vertical growth and horizontal growth
collide with each other.

After the completion of crystallization, wet etching 1s
carried out using an etchant for selectively etching silicon
(¢.g., nitrate fluoride consisting of HF:HNO;=1:200). Then,
only the vertical growth regions are selectively removed
with the mask 14 formed of a silicon oxide film serving as
a mask. These regions contain nickel 1n a high concentration
as described above.

Etching 1s carried out with a hydrofluoric acid-based
etchant (e.g., a buffer hydrofluoric acid). In this step, the
mask 14 formed of a silicon oxide film 1s removed.

Further, patterning 1s made on the crystalline silicon film
having horizontal growth regions or only horizontal growth
regions to form an active layer of a thin-film transistor.

10

15

20

25

30

35

40

45

50

55

60

65

3

When horizontal growth 1s caused to start from the
slender regions as shown 1n FIG. 1A, 1t 1s possible to obtain
crystals grown 1n the same direction 1n regions to be used for
devices. This 1s extremely important when a large number of
devices are to be formed and the same characteristic prop-
erties thereof are to be obtained.

Embodiment 2

This embodiment shows an example where a large num-
ber of thin-film transistors are fabricated using the horizontal
orowth regions produced in Embodiment 1. FIG. 2 shows an
example of the lay-out of the active layers of thin-film
fransistors.

In FIG. 2, denoted by 201 are the active layers of the
thin-film transistors. A large number of thin-film transistors
can be constituted with a crystalline silicon film grown
horizontally 1n a predetermined direction by arranging the
thin-film transistors as shown in FIG. 2. And the thin-film
transistors can have the same characteristic properties.

Further, the effect of the grain boundary formed 1n regions
where horizontal growth regions collide with each other can
be eliminated by using the horizontal growth regions as
horizontal growth stoppers and arranging them as shown in

FIG. 2.

A thin-film transistor having high mobility can be fabri-
cated by determining the position of the active layer of the
thin-film transistor so that carriers can move 1n the direction
of horizontal growth. This 1s because there 1s little effect of
the grain boundary and the carriers can move easily 1n the
direction of horizontal growth.

The configuration shown 1n this embodiment 1s advanta-
geous for a peripheral driver circuit 1n an active matrix liquid
crystal display device or active matrix EL display device.

In other words, 1t 1s extremely effective where the same
circuit configurations are aligned i a horizontal directions
like a shift register circuit and an analog buffer circuit.

By setting the width of a shift register circuit to 80 um and
utilizing the configuration shown in this embodiment in
which a horizontal growth distance of 100 ym or more can
be obtained, a shift register circuit can be formed from a
single horizontal growth region. That 1s, 1t 1s possible to
form a circuit having a predetermined function by using a
region having the same crystal growth form.

By using the configuration shown 1n this embodiment, a
circuit having a predetermined function can be provided
integrally 1n a single horizontal growth region. This prede-
termined function 1s one or more selected from an ampli-
fying function, switching function, 1mpedance conversion
function, flip-flop circuit, sampling circuit, sampling hold
circuit, memory function and arithmetic function, 1n addition
to the above shift register function, or a composite function
thereof.

It 1s important for such an integrated structure having a
predetermined function that all the constituent elements
thereof should have the same characteristic properties.
Theretfore, as shown 1n this embodiment, 1t 1s advantageous
to form such an i1ntegrated circuit within a region having the
same crystal growth state.

Embodiment 3

This embodiment 1s directed to the production process of

a thin-film transistor when 1t employs a configuration shown
in FIG. 2.

The process shown 1n this embodiment 1s a process for
producing a single thin-film transistor in each of two dit-
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ferent adjacent horizontal growth regions. This embodiment
shows an example where an N-channel thin-film transistor 1s
fabricated.

A silicon oxide film 302 1s first formed at a thickness of
3,000 A on a glass substrate 301 as an undercoat film and
then an amorphous silicon film 303 1s formed to a thickness
of 500 A. Low- -pressure thermal CVD 1s preferably used to
form this amorphous silicon film 303.

A mask 304 1s formed of a silicon oxide film having a
thickness of 1,500 A which is formed by plasma CVD. The
ctching rate of the silicon oxide film constituting the mask
304 1s faster than the etching rate of the silicon oxide film
302 constituting the undercoat film.

The mask 304 may have a laminate structure consisting of
a thin silicon oxide film and a silicon nitride film formed
thereon to make the etching rate thereof faster than that of
the undercoat film.

Thus 5 um-wide slits 306 and 307 and a 30 ym-wide slit
305 are obtained. In this state, the amorphous silicon film
303 1s exposed 1n these slits.

A top view of the slits 1s the same as that of FIG. 1(A).
That 1s, the slits 306 and 307 correspond to the slits 108 and
109 of FIG. 1(A) and the slit 305 correspond to the slit 101
of FIG. 1(A).

Thus, the state shown in FIG. 3(A) is obtained. A nickel
acetate solution containing 10 ppm of nickel i1s applied by
spin coating method and the nickel element 1s held in contact

with the surface of the amorphous silicon film 303 in the
regions denoted by 306, 305 and 307.

A heat treatment 1s carried out 1n a nitrogen atmosphere at
550° C. for 4 hours to grow crystals as shown in FIG. 3(B).
Owing to this heat treatment, crystals are grown vertically 1n
the regions denoted by 308, 310, 312. In regions denoted by
309 and 311, crystals are grown horizontally. (FIG. 3(B))

The wvertical growth regions 308, 310 and 312 are
removed by wet etching using nitrate fluoride. This step may
be carried out by dry etching.

Thus, the state shown in FIG. 3(C) is obtained. Further,
the residual mask 304 1s removed. When the mask 304 1s
formed of a silicon oxide film, a buffer hydrofluoric acid 1s
used to remove the mask 304.

Thus, the state shown in FIG. 3(D) is obtained. Then,
patterning 1s carried out to form the active layer of a
thin-film transistor and the state shown in FIG. 3(E) is
obtained. In FIG. 3(E), reference numerals 313 and 314 are
patterns formed by a horizontally grown crystalline silicon
f1lm constituting the active layers of thin-film transistors.

When the state shown in FIG. 3(E) (the same as FIG.
4(A)) is obtained in this way, a silicon oxide film 401 which
serves as a gate isulating film 1s formed. This silicon oxide

film 401 is formed at a thickness of 1,000 A, for example,
by plasma CVD or sputtering.

Then, an aluminum film not shown constituting gate
clectrodes 1s formed. This aluminum film 1s caused to

contain 0.2% by weight of scandium. An fine anodic oxide
film not shown is then formed at a thickness of 100 A.

This anodic oxide film 1s formed by carrying out anodic
oxidation 1n an ethylene glycol solution containing 3% ot
tartaric acid neutralized with ammonia water, using the
aluminum film as an anode. The thickness of this fine anodic
oxide film can be controlled with application voltage.

Further, patterning 1s made on this aluminum film to
obtain the state shown in FIG. 4(B).

In the state shown in FIG. 4(B), reference numerals 402
and 403 arc patterns for forming gate electrodes later.
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When the state shown in FIG. 4(B) is obtained, anodic
oxidation 1s carried out again to form porous anodic oxide
f1lms 404 and 4035. This porous anodic oxide film 1s formed
by anodic oxidation 1in an aqueous solution containing 3% of
oxalic acid using the aluminum patterns 402 and 403 as
anodes. The thickness of this anodic oxide film can be
controlled by the anodic oxidation time.

Finer anodic oxide films 406 and 407 are formed under

the above-described conditions. The thickness of the fine
anodic oxide film should be 800. The anodic oxide films 406

and 407 are formed 1n the state shown in FIG. 4(C) by this
anodic oxidation because an electrolyte solution enters the
insides of the porous anodic oxide films 404 and 405.

When the thicknesses of the anodic oxide films 406 and
407 are 2,000 or more, off-set gate regions can be formed
with the thicknesses later.

Thus, the state shown in FIG. 4(C) can be obtained.
Reference numerals 408 and 409 are gate electrodes here.

Thereafter, impurity 1ons are implanted to form source/
drain regions. In this embodiment, to fabricate an N channel
thin-film transistor, P 1ons are implanted. Thus, the source
region 410 and drain region 411 of one thin-film transistor
are formed. Also, the source region 412 and drain region 413
of the other thin-film transistor are formed.

Then the porous anodic oxide films 404 and 405 arc

selectively etched using a mixed acid prepared by mixing
phosphoric acid, acetic acid and nitric acid. Thus, the state

shown in FIG. 4(D) is obtained.

Thereafter, impurity 1ons are implanted again. P 1ons are
implanted 1n a smaller dose amount than that of the first
implantation. Thus, 1n the one thin-film transistor, light
doped regions 414 and 416 are formed. In the other thin-film
transistor, light doped regions 417 and 419 are formed.

The light doped regions 416 and 419 adjacent to the drain
region are called LDD (light doped drain). Reference numer-

als 415 and 418 are channel forming regions.

Thus, the state shown in FIG. 4(D) is obtained. An
inter-layer isulating film 420 1s formed of a silicon oxide

film or the like. Further, contact holes are formed to provide
source electrodes 421 and 423 and drain electrodes 422 and
424. (FIG. 4(E))

A pair of N channel thin-film transistors are formed 1n this
embodiment. However, a large number of thin-film transis-
tors are actually formed and arranged, as shown 1n FIG. 2,
in a rear direction or front direction of the figure.

A metal element for promoting the crystallization of
silicon 1s held 1n contact with the surface of an amorphous
silicon film 1n this embodiment. However, the metal element
may be held in contact with the surface of an undercoat film
in a predetermined pattern before the formation of an
amorphous silicon film.

Embodiment 4

This embodiment 1s directed to a technique for reducing,
the concentration of a metal element for promoting the
crystallization of silicon which remains 1in the end. As a
matter of course, this embodiment has significance as
explammed in Example 1.

In a conﬁguratlon shown 1n this embodiment, a silicon
oxide film 502 is first formed at a thickness of 3,000 A on
a glass substrate (e.g., Corning 1737 glass substrate) 501 as
an undercoat film as shown in FIG. 5(A).

Thereafter, an amorphous silicon film 503 1s formed at a
thickness of 500 by plasma CVD or low-pressure thermal
CVD.
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Further, an silicon oxide film not shown having a thick-
ness of 1,500 A 1s formed. This silicon oxide film functions
as a mask 1n the introduction of the nickel element 1n a later
step.

Although an example where a silicon oxide film 1s used 1s
shown 1n this embodiment, a silicon nitride film, silicon
oxynitride film, metal film or metal silicide may be used. It
1s desirable that the film which serves as the mask should not
react with silicon during heating for crystallization and the
metal element for promoting the crystallization of silicon

should have an extremely small diffusion coefficient for the
silicon film.

Patterning 1s made on this silicon oxide film to form a
mask S504. It 1s desirable that this silicon oxide film should
have a faster etching rate than the silicon oxide film 502 as
an undercoat film.

The mask 504 which 1s formed of this silicon oxide film
has slits 505 to 507 which extend 1n a longitudinal direction,
1.€., a rear direction of the figure. The widths of the slits 505
to 507 should be 3 um. The width of the slit 1n the region
denoted by 506 should be 20 um.

Thus, the state shown in FIG. 5(A) is obtained. In this
state, UV ozone oxidation 1s carried out to form a fine oxide

f1lm on the surface of the exposed amorphous silicon film.

This oxide film serves to improve the wettability of a nickel
acetate solution to be coated later.

Then, the nickel acetate solution having a nickel concen-
tration (in terms of weight) of 10 ppm is applied by spin
coating.

In this state, a heat treatment 1s carried out at 580° C. for
1 hour. This heat treatment 1s carried out under the condition
that horizontal growth of 20 to 30 um takes place. Owing to
this heat treatment, crystals are grown downward in a
vertical direction from the surface of the silicon film 1n the
regions 505, 506 and 507 as shown in FIG. 5(B). Also,
crystals are grown 20 to 30 um horizontally 1 directions
parallel to the substrate from the region 506.

The above heat treatment may be carried out by heating,
at 500 to 600 C. for 10 to 240 minutes (2 hours). If the
heating temperature 1s higher and the heating time 1s longer
than the above conditions, crystal growth will proceed too

much and second-stage crystal growth to be described later
will be difficult.

As a result of this crystal growth, the regions 505 to 507
where vertical growth took place become vertical growth
regions which have crystallinity and a high concentration of
the nickel element. The regions horizontally grown from the
region 306 also have a high concentration of the nickel

element. (FIG. 5(B))

According to a measurement by SIMS (secondary ion
mass spectrometry), the average concentration of nickel in
the vertical growth regions denoted by 505 to 507 1s about
5x10"® em™. The average concentration of nickel in the

regions horizontally grown from the region 507 1s in the
order of 10" cm™.

Thereatter, the vertical growth regions are removed using,
nitrate fluoride. Then, the mask 504 formed from silicon
oxide 1s removed by etching with a hydrofluoric acid-based
etchant (for example, a buffer hydrofluoric acid).

Thus, the state shown in FIG. §5(C) is obtained. Reference
numerals 508 and 509 are the horizontal growth regions
having a high concentration of the nickel element. The
regions denoted by 508 and 509 experience horizontal
orowth and have crystallinity. The other regions remain
amorphous. This 1s because an ordinary amorphous silicon
film is not crystallized by 1 hour of a heat treatment at 580°

C.
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When the state shown in FIG. 5(C) is obtained, a heat
freatment 1s carried out again. This heat treatment 1s
intended to render second-stage crystal growth. This heat
treatment 1s carried out at 600 C. for 4 hours.

As a result of this step, crystal growth (horizontal growth)
starts again from the regions denoted by 508 and 509. This
crystal growth state 1s shown in FIG. 5(D). This crystal
orowth stops 1n the regions 505 and 507 which have been
removed previously. Thus, the regions of slender crystalline
silicon films having the same crystal growth form can be

obtained (see FIG. 1(A)).

The thus obtained crystalline silicon film can have a
nickel concentration in the order of 10"’ ¢cm™. This value is
about one-column lower than the value obtamned by the
first-step crystal growth method shown i Embodiment 1.
This 1s extremely advantageous when the stability and
reproducibility of a device are taken into consideration.

Thereafter, patterning 1s made on the thus obtained crys-
talline silicon film as shown by 510 and 511 to form active
layers of thin-film transistors.

In the fabrication of a device, 1t 1s recommended to avoid
the regions denoted by 508 and 509. That 1s, 1t 1s preferred
that the regions 508 and 509 be removed and the other
regions be used to fabricate a device. This 1s because the
regions 308 and 509 contain the nickel element 1n a rela-
tively high concentration.

By utilizing the configuration shown 1n this embodiment,
the horizontal growth regions from which high characteristic
properties can be obtained can be used and the nickel
concentration (metal element concentration) of the regions
can be suppressed to 1x10"" to 5x10' cm™.

Especially by optimizing the conditions, the concentration
of nickel (metal element concentration) contained in the

active layer of a thin-film transistor can be easily suppressed
to a level of 1x10"” ecm™.

This 1s advantageous when a device having high charac-
teristic properties and high reliability 1s to be obtained.

Embodiment 5

This embodiment 1s directed to the configuration of an
active matrix liquid crystal display device 1n which a periph-
eral driver circuit 1s 1ntegrated on the same substrate as an
active matrix circuit.

In such a configuration as described above, since fast
operation 1s required for the peripheral driver circuit, a
thin-film transistor making use of horizontal growth 1is
suitable. On the other hand, since a thin-film transistor for
use 1n an active matrix circuit does not require so high
mobility but low leak current characteristics, 1t 1s desirable
that the thin-film transistor should have low mobility char-
acteristics (about 10 cm?®/Vs). (Generally speaking, as
mobility increases, the leak current grows.)

Then, 1n this embodiment, the peripheral driver circuit 1s

formed in a horizontal growth region using a technique

shown in FIGS. 1(A) and 1(B), FIG. 2 and further FIGS.
5(A) to S(E). That is, the active layer of a thin-film transistor
constituting the peripheral driver circuit i1s formed of a
horizontally grown crystalline silicon film. Owing to this
conflguration, the peripheral driver circuit can be constituted
by a thin-film transistor having high mobility.

Since the peripheral driver circuit has high integration, it

1s extremely advantageous to use the technique shown in
FIG. 1, FIG. 2 and further FIG. 5.

The thin-film transistor to be provided 1n the active matrix
circuit 1s formed using a crystalline silicon film which 1is
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obtained without using nickel. This 1s because low leak
current characteristics are requisite for the active matrix
circuit.

According to experiments, it has been observed that a
thin-film transistor which 1s produced using a crystalline
silicon film which 1s obtained by using a nickel element has
a higher leak current value than a thin-film transistor which
1s produced using a crystalline silicon film obtained solely
by heating without using a nickel element or by 1llumination
with laser light. It 1s considered that this 1s because nickel
becomes a trap level.

Even though crystallinity 1s slightly low and high mobaility
cannot be obtained, a thin-film transistor which suppresses

an increase in leak current (OFF current) without using the
nickel element 1s used 1n an active matrix circuit. This

thin-film transistor to be provided 1n the active matrix circuit
(pixel circuit) is produced using a crystalline silicon film
obtained by illumination with laser light.

An active matrix type liquid crystal display device in
which a peripheral circuit 1s constituted by a thin-film
transistor capable of high-speed operation and a pixel matrix
region 1s constituted by a thin-film transistor having low leak
current characteristics can be obtained by employing the
coniliguration shown 1n this embodiment.

The configuration shown 1n this embodiment can be
applied to other active matrix flat panel displays, such as a
plasma display and an EL display.

To realize the configuration shown 1n this embodiment, an
annealing step using laser light 1llumination may be carried
out after the heating step for horizontal growth.

The heating step for horizontal growth 1s carried out at
600° C. for 4 hours, for example. The amorphous silicon
film which does not contain nickel (or other metal element
for promoting the crystallization of silicon) is not crystal-
lized by this step alone.

However, the crystallization of the horizontal growth
region 1s accelerated, the quality of the resulting film 1is
stabilized and the amorphous region (this is the region to
which nickel is not added) which has not been crystallized
by heating can be crystallized by using laser light 1llumina-
tion as well.

At this point, laser light 1llumination conditions are opfti-
mized to ensure that the mobility of a thin-film transistor
obtained by using no nickel-added regions 1s about 10
cm”/Vs for an N channel type.

Although the crystallization of the amorphous silicon film
by i1llumination with laser light has a problem with the
reproducibility of 1ts effect, high reproducibility can be
obtained under relatively light annealing conditions as
described above.

Thus, a thin-film transistor having low current character-
istics obtained by laser annealing can be arranged mainly in
a pixel matrix region and a thin-film transistor having high
mobility (average of about 100 cm®/Vs as will be described
later) using horizontal growth can be arranged in a periph-
eral circuit region.

Embodiment 6

This embodiment 1s directed to a technique for forming a
marker for alignment without adding a special step. In the
fabrication of a thin-film transistor, 1t 15 necessary to align a
mask for the formation of gate electrodes, contact holes, and
source/drain electrodes. At this time, a marker for this
alignment 1s required.

It 1s desirable that the marker for alignment should be
formed 1n the step which requires alignment for the first
fime.
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Then, 1n the configuration shown 1n this embodiment, the
formation of this marker 1s carried out simultaneously with
the formation of a mask 14 shown 1n FIG. 1.

In this embodiment, a nickel element (or other appropriate
metal element for promoting the crystallization of silicon) is
introduced 1nto a pattern of the marker. That 1s, the pattern
of the marker for alignment 1s formed 1n part of the mark 14
which 1s formed of a silicon oxide film.

Further, vertical growth 1s carried out on this pattern by
heat treatment. This pattern 1s removed by etching simulta-
ncously with the removal of the mask 14. Thus, a region
which has been etched to a predetermined pattern 1s
obtained. This pattern can be advantageously obtained with-
out adding a new step.

Embodiment 7

In this embodiment, the result of investigation is shown
on the relationship between the distance of horizontal
orowth and heating conditions. The production conditions of
samples are first described.

First, a Corning 1737 glass substrate 1s heated 1mn a
nitrogen atmosphere at 640° C. for 2 hours. This is intended
to suppress the shrinkage of the glass substrate i1n the
subsequent step.

Next, a silicon oxide film 1s deposited at a thickness of
2,000 A as an undercoat film by plasma CVD using a TEOS
cgas. An amorphous silicon film i1s further formed to a
thickness of 500 A by plasma CVD. A@Also, a silicon

oxide film for a mask which 1s used to introduce a nickel
clement 1s formed by plasma CVD using a TEOS gas.

Patterning 1s made on this silicon oxide film to form a
nickel element-added pattern. The width of this pattern
should be 20 um and a slit-shaped opening 1s formed 1n this
pattern.

An extremely thin oxide film 1s formed on the surface of
the exposed amorphous silicon film by UV ozone oxidation.
The oxide film 1s then heated in a nitrogen atmosphere. As
a result of this heat treatment, crystals are grown (horizontal
growth) from the nickel element-added region in a direction
parallel to the substrate. The results are shown 1n Table 2
below.

TABLE 2

The temperature dependency of the lateral egrowth distance (um)

1 hr 2 hr 4 hr & hr
550° C. 10 18 36 70
600° C. 29 55 110 215

As shown 1n Table 2 above, the distance of horizontal
orowth can be extended by increasing the heating tempera-
ture and the heating time. However, when the heating
temperature is 600° C., crystallization not caused by nickel
proceeds by 8 hours or more of heating.

This crystallization not caused by nickel has a function to
stop the horizontal growth as well as the vertical growth.
Therefore, when the heating temperature is set at 600° C. or
more, 1t 1s preferred to shorten the heating time.

In any case, a horizontal growth distance of about 200 ym
1s obtained. Therefore, when the nickel element-added
region 1s made long and narrow (for example, the region
denoted by 101 in FIG. 1), a long and narrow horizontal
orowth region having a width of 200 um and a desired length
can be obtained.
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This horizontal growth region has an uniform crystal
orowth state. For example, according to a measurement by
X-ray diffraction, substantially the same signal strength ratio
of each crystal orientation can be obtained. This means that
this state makes 1t possible to form devices having the same
characteristics within the region. Therefore, it can be said
that the region 1s extremely preferred.

Embodiment &

This embodiment 1s directed to a configuration for selec-
fively changing the length of horizontal growth. As 1is
understood from Table 1 described above, the distance of
horizontal growth differs according to the width of a nickel-
added region. Utilizing this fact, a different amount of
horizontal growth (length of horizontal growth) is obtained
in this embodiment.

For instance, by changing the width of an added region
shaped like a slit, the growth distance of the horizontal
orowth region where crystals are grown from this added
region can be controlled.

Embodiment 9

This embodiment shows a case where a thin-film transis-
tor to be arranged 1n each pixel 1s formed with a horizontal
orowth region 1n an active matrix configuration. When the
pixel pitch 1s narrow at 50 um or less in an active matrix
liquad crystal display device or EL display device, adjacent
horizontal growth regions may collide with each other or
impede mutual crystal growth, or a grain boundary may be
formed m a thin-film transistor forming section 1n some
cases.

To eliminate this state and form a horizontal growth
region 1n the predetermined region of each pixel, the above-
mentioned vertical growth region 1s used as a horizontal
orowth stopper.

That 1s, 1n order to form a horizontal growth region only
in a predetermined region, a slit-shaped vertical growth
region having a width of 5 um or less (for example, 3 um)
1s formed. Owing to this, a horizontal growth region can be
formed 1n the predetermined region and the occurrence of
the above-mentioned defects can be suppressed. That 1s, the

horizontal growth region can be formed with high control-
lability.

Embodiment 10

This embodiment 1s directed to a configuration in which
a crystalline silicon film obtained by heat treatment 1s further
irradiated with laser light 1 order to increase a process
margin. When a crystalline silicon film 1s obtamned by
heating using the invention disclosed 1n this specification,
there 1s not a few fluctuation 1n the quality of the film.

In this embodiment, to eliminate this fluctuation, the film
1s again annecaled by i1llumination with laser light. As laser
light, it 1s desired to use an excimer laser having a wave-
length of ultraviolet region.

As shown 1n this embodiment, the quality of the obtained
crystalline silicon film can be made uniform by using laser
light 1llumination in combination. Optical annealing may be
carried out by 1lluminating with strong light such as infrared
light or ultraviolet light in place of laser light.

Embodiment 11

This embodiment shows the comparative example of
characteristic properties between a thin-film transistor
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obtained by using a horizontal growth region and a thin-film
transistor obtained by using a vertical growth region.

Table 3 below shows values of mobility of 18 samples
selected at random from obtained N-channel thin-film tran-

S1StOrs.

TABLE 3
unit: cng‘v’s

A B
75.3 95.5
75.4 100.1
70.2 108.3
80.7 102.0
81.8 106.4
90.3 106.0
89.6 104.7
84.0 95.6
90.5 106.2
91.4 104.0
92.3 103.2
90.1 103.6
92.4 104.2
94.8 101.6
95.2 104.5
95.8 101.6
101.8 98.5
100.8 100.7

As 1s apparent from Table 3, thin-film transistors obtained
by using vertical growth as listed in column A have a
mobility in a wide range of 75 to 101 cm”/Vs. On the other

hand, the thin-film transistors using horizontal growth as
listed 1n column B have high mobility values which are
within an extremely narrow range.

That 1s, when horizontal growth 1s utilized, the charac-
teristics of a device itself are high and fluctuations in the
characteristics are made small.

The crystalline silicon film having the above data was
obtained by crystallizing by heating at 600° C. for 4 hours
using nickel as a metal element for promoting the crystal-
lization of silicon and by illumination with light emaitted

from a KrF excimer laser at an 1rradiation energy density of
250 mJ/em”.

For comparison, there 1s shown a case where samples
obtained without using nickel were supplied 1n the same lot
as the above process. In this case, the samples are not
crystallized by heat treatment as a matter of course.
However, they can be crystallized into a crystalline silicon
film by illumination with laser light.

An N channel thin-film transistor produced using this
sample had a mobility of 10 ¢cm®/Vs or less. This low-
mobility thin-film transistor 1s the most suitable for an active
matrix region of a liquid crystal display device because 1t
does not use nickel.

For comparison, a similar N channel thin-film transistor
was fabricated using a crystalline silicon film obtained only
by heating at 640° C. for 48 hours (without using nickel). In
this case, the thin-film transistor had a mobility of 20 to 30
cm~/Vs. The significance of using horizontal growth is
understood from this fact.

In the case of a P channel type, the mobility thereof 1s
smaller by about 30%, but similar thin-film transistor as
shown 1n Table 3 were obtained as a whole.

Embodiment 11

This embodiment 1s directed to a case where regions
having the same crystal growth form as shown 1n FIG. 1 are
used to form a circuit having a predetermined function.
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This embodiment shows part of a decoder circuit. FIG. 6
shows an actual circuit pattern. FIG. 7 1s an electronic circuit
block diagram.

In FIGS. 6 and 7, reference numerals 601 and 603 are
regions to which nickel 1s added and from which horizontal

orowth starts. That 1s, they correspond to the regions 101 and
102 mm FIG. 1.

Reference numeral 602 is a region which has a width of
5 um or less and serves as a stopper for stopping horizontal
orowth.

As 1s apparent from FIGS. 6 and 7, two NAND circuits
are formed using a region which has the same crystal growth
form and 1n which crystals are grown horizontally from the
region 601. Further, a single NOR circuit 1s formed using a
region which has the same crystal growth form and 1n which
crystals are grown from the region 603.

In this configuration, two horizontal growth regions are
intercepted by the region denoted by 602 so that they do not
alfect each other.

In this way, the characteristics of each circuit can be
increased and total reliability can be improved.

Utilizing the invention disclosed in this specification,
horizontal growth regions can be obtained with high con-
trollability.

For instance, the growth width of the horizontal growth
region can be controlled. Further, a crystal growth technique
which uses a metal element for promoting the crystallization
of silicon can be easily applied to a configuration which
requires a line circuit pattern.

Moreover, 1n a configuration for starting horizontal
crowth from a predetermined region of an amorphous sili-
con film, a circuit having a predetermined function can be
formed using a horizontal growth region having the same
crystal growth form by utilizing a vertical growth region as
a stopper for horizontal growth.

Since the characteristics of formed devices can be made
the same 1n this region, the characteristics and reliability of
a formed circuit can be improved.

The display device manufactured 1n accordance with the
present invention 1s suitable for the display device of various
clectronic devices, for example, a video camera, a digital
camera, computer, portable data terminal, or an electronic
navigation aid for vehicles. It 1s particularly advantageous to
form on a same substrate 1in addition to an active matrix
circuit, such thin film circuits as an inverter circuit, a buffer
circuit, a switch circuit, a decoder circuit, a shift-register
circuit, a sampling circuit, a sample-hold circuit, a tlip-flop
circuit, a computing circuit, and/or a memory circuit by
utilizing the method of the present invention 1n order to
reduce the size of the devices.

While the present invention has been described with
reference to the preferred embodiments, the present inven-
tion should not be limited to those particular examples of the
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invention. Various modifications may be made within the
scope of the appended claims.

What 1s claimed 1s:
1. A method of manufacturing semiconductor device
comprising the steps of:

selectively disposing a metal element for accelerating the
crystallization of silicon 1n contact with selected
regions ol a non-single crystal silicon film;

heating to grow crystals 1n a direction perpendicular or
substantially perpendicular to the surface of the silicon
film 1n said selected regions and grow crystals 1n a
direction parallel or substantially parallel to the surface
of the silicon film from at least one of said selected
regions; and

removing said selected regions of the silicon film,

wherein at least another one of said selected regions of the
silicon film 1s used as a stopper at which the crystal
orowth 1n the direction parallel or substantially parallel
to the surface of the silicon film stops.

2. A method of manufacturing a semiconductor device
according to claim 1, wherein the metal element for accel-
erating the crystallization of silicon 1s one or a plurality
elements selected from Fe, Co, N1, Ru, Rh, Pd, Os, Ir, Pt, Cu
and Au.

3. A method of manufacturing a semiconductor device
according to claim 1, wherein said regions are 1n a slit form
and the region used as said stopper has a width of 5 um or
less.

4. A method of manufacturing a semiconductor device
comprising the steps of:

selectively holding a metal element for accelerating the
crystallization of silicon 1n contact with selected
regions of a non-single crystalline silicon film;

heating to grow crystals 1n a direction perpendicular or
substantially perpendicular to the surface of the silicon
film 1n said selected regions and grow crystals 1n a
direction parallel or substantially parallel to the surface
of the silicon film from at least one of selected regions
at the same time;

removing said selected regions of the silicon film; and
then

heating to grow crystals 1n a direction parallel or substan-

tially parallel to the surface of the silicon film from the

region where crystals are grown 1n a direction parallel

or substantially parallel to the surface of the silicon
f1lm.

5. A method of manufacturing a semiconductor device

according to claim 4, wherein the metal element for accel-

crating the crystallization of silicon 1s one or a plurality
elements selected from Fe, Co, N1, Ru, Rh, Pd, Os, Ir, Pt, Cu

and Au.
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